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Abstract
This paper proposes a method for enhancing stability of an autonomous microgrid with distri-
bution static compensator (DSTATCOM) and power sharing with multiple distributed generators
(DG). It is assumed that all the DGs are connected through voltage source converter (VSC) and
all connected loads are passive, making the microgrid totally inertia less. The VSCs are con-
trolled by either state feedback or current feedback mode to achieve desired voltage-current or
power outputs, respectively. A modified angle droop is used for DG voltage reference generation.
Power sharing ratio of the proposed droop control is established through derivation and verified
by simulation results. A DSTATCOM is connected in the microgrid to provide ride through ca-
pability during power imbalance in the microgrid, thereby enhancing the system stability. This is
established through extensive simulation studies using PSCAD.
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I. INTRODUCTION 
 
The interconnection of distributed generators (DGs) through electronic converters 
to an autonomous microgrid has raised concern of stability due to the lack of 
inertial generator to provide ride through during transients. This becomes critical 
if the power generation by some of the DGs suddenly reduces, e.g., when 
suddenly cloud covers photovoltaic cells. This paper addresses this issue along 
with proper load sharing during nominal operation. A load sharing with minimal 
communication is the most desirable in an autonomous microgrid that may span 
over a large area. The most common method is the use of droop characteristics to 
deliver desired real and reactive power to the system by the DGs through parallel 
connected converters. In this case, only local signals are used as feedback to 
control the converters. 
The real and reactive power sharing can be achieved by controlling two 
independent quantities – the frequency and the fundamental voltage magnitude [1-
5]. The system stability during load sharing has been explored in [2, 3]. Transient 
stability of power system with high penetration level of power electronics 
interfaced (converter connected) distributed generation is explored in [5]. 
As a VSC can instantaneously change output voltage, power sharing in a 
microgrid is possible by controlling the output voltage angle of the DGs through 
droop control. The angle droop is able to provide proper load sharing among the 
DGs without a significant steady state frequency drop in the system [6]. It is also 
shown that the frequency variation with the frequency droop controller is 
significantly higher than that with the angle droop controller. 
Due to the advances in power electronics, materials and magnetic 
bearings, FESS has become one of the most popular energy storage systems [7]. 
Modern FESS has been designed for a variety of applications and can be used to 
improve transient stability and increase transfer capability of power systems [7] 
Application of distribution static compensator (DSTATCOM) in 
distribution systems has gained considerable attention. While [8] discusses the 
dynamic performance of a DSTATCOM coupled with an energy storage system 
(ESS) for improving the power quality of dis- tribution systems, [9] presents a 
study about the influences of a DSTATCOM on the dynamic behavior of 
distribution networks. The performance of a DSTATCOM as a voltage controller 
or a power factor controller is analyzed in [9]. 
With number of DGs and loads connected to a microgrid spanning over a 
large area, power balancing through the microgrid is very important for system 
stability. When the power generation by the DGs is less than the load demand, 
some of the loads have to be shed. However the load trip command will be 
executed after a finite time delay that is associated with the circuit breaker open 
time. Therefore to shed the load properly and to avoid a system collapse, the 
microgrid voltage needs to be held at its operating value for a few cycles after the 
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load trip command is generated. To provide this voltage support, a DSTATCOM 
is connected to the microgrid. It is well known that a DSTATCOM can provide 
reactive power support in normal operation. However, it can release the energy 
stored in it dc capacitor during transients to provide ride through to facilitate load 
shedding. In this paper, the effect of sudden power loss is investigated with and 
without the DSTATCOM connection. 
 
 
II. MICROGRID STRUCTURE 
 
The structure of the microgrid system studied in this paper is shown in Fig. 1. It 
contains 9 buses that are separated by feeder segments, 4 DGs, all of which are 
inertia less and VSC-interfaced, 5 loads and a DSTATCOM. The location of the 
DSTATCOM is chosen arbitrarily at the center of the microgrid. The feeder 
impedances are denoted by Zij, where ij indicates the buses between which these 
are placed. The DG output voltages are denoted by Ei∠δI, i = 1, …, 4. Each DG 
and the DSTATCOM are connected to the microgrid through external inductors 
as shown in Fig. 1. The loads are denoted by Ld1 to Ld5. The system data used for 
the studies are given in Table-I. 
 
TABLE-I: MICROGRID SYSTEM PARAMETERS 
System Quantities Values 
Systems frequency 50 Hz 
Feeder impedance 
Z12 = Z23 = Z34 = Z45 = Z45 =  
Z56 = Z67 = Z78 = Z89 
 
1.03 + j 4.71 Ω 
Load ratings 
Ld1 
Ld2 
Ld3  
Ld4 
Ld5 
 
100 kW and 90 kVAr 
120 kW and 110 kVAr 
80 kW and 68 kVAr 
80 kW and 68 kVAr 
90 kW and 70 kVAr 
DG ratings (nominal) 
DG-1 
DG-2 
DG-3 
DG-4 
 
100 kW 
200 kW 
150 kW 
150 kW 
Output inductances 
LG1 = LG2 = LG3 = LG4  
LS 
 
75 mH 
2 mH 
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Fig. 1. Structure of the microgrid system under consideration. 
 
 
 
 
III. CONVERTER STRUCTURE AND CONTROL  
 
The converter structure that is connected to DG-1 is shown in Fig. 2. Here DG-1 
is assumed to be an ideal dc voltage source supplying a voltage of Vdc1 to the 
VSC. The converter contains three H-bridges. The outputs of the H-bridges are 
connected to three single-phase transformers that are connected in wye for 
required isolation and voltage boosting [10]. The ground terminals of secondary 
side of the transformers are grounded as shown in Fig.2. The resistance Rf 
represents the switching and transformer losses, while the inductance Lf represents 
the leakage reactance of the transformers. The filter capacitor Cf is connected to 
the output of the transformers to bypass switching harmonics, while LG1 
represents the output inductance of the DG source. The converter structures of all 
the DG sources and the DSTATCOM are the same. However, the DSTATCOM is 
supplied by a dc capacitor with an output voltage of VC. 
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Fig. 2. Converter structure. 
 
The VSC are controlled under closed-loop feedback. Consider the 
equivalent circuit of one phase of the converter as shown in Fig. 3.  In this, u⋅Vdc1 
represents the converter output voltage, where u is the switching function that can 
take on values  ± 1. The main aim of the converter control is to generate u. From 
the circuit of Fig. 3, the following equations are obtained for each of the phases of 
the three-phase system 
 
( )
f
dccf
f
f
ff
L
Vuv
i
L
R
dt
di .+−+−=
                        (1) 
 ( )
f
fcf
C
ii
dt
dv 1−=                                (2) 
 
dt
diLvv GPCCcf 1=−                              (3) 
 
Defining a state vector as 
 
T
cff viix ][ 1=  
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the state space description of the system can be given as 
 
PCCc vBuBAxx 21 ++=&                               (4) 
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The averaging the input signal over the switching cycle is a well accepted 
process provided that corner frequency of the filter sufficiently below the 
switching frequency. The operating condition is examined within the normal 
operating range, i.e. no magnetic saturation or no saturation of modulation index. 
The main nonlinearity, people have identified in small signal analysis of 
VSC, is zero crossing distortion. In this case, however, it is assumed that high 
gain hysteretic feedback is stable to keep the error within the hysteretic band and 
thus the small non linearity is overcome by this high gain non linear feedback. 
It is assumed here that the tracking is perfect and hence, in the limit, u can 
be represented by uc. Where uc is the continuous time control input, based on 
which the switching function u is determined. The discrete-time equivalent of (4) 
is 
( ) ( ) ( ) ( )kvGkuGkFxkx PCCc 211 ++=+                       (5) 
5
Majumder et al.: Enhancing Stability of an Autonomous Microgrid Using DSTATCOM
Published by The Berkeley Electronic Press, 2009
 
Fig. 3. Equivalent circuit of one phase of the converter. 
 
 
Neglecting the PCC voltage vPCC assuming it to be a disturbance input, the 
input-output relationship of the system in (4) can be written in the following two 
forms 
 
( )
( )
( )( )11
1
1
−
−
=
zN
zM
zu
zv
c
cf                                 (5) 
 ( )
( )
( )( )12
1
21
−
−
=
zN
zM
zu
zi
c
                                (6) 
 
The feedback control laws of the converters are generated as discussed below. 
 
A. Control of VSCs Connected to DGs 
 
Under normal operating condition, the VSCs are controlled in state feedback. 
From Fig. 3, a state vector can be defined as xT = [vcf  icf  i1]. The state feedback 
control law is 
 
( ) ( ) ( )[ ]kxkxKkuc −= ∗                              (7) 
 
where K is the feedback gain matrix and x∗ is the reference state vector. In this 
paper, this gain matrix is designed using LQR method. 
When the power output of the DG suddenly reduces or the load demands 
more than the rated output power from the DG, it is switched to a sinusoidal 
current limiting mode. In this mode, the output current required to produce the 
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reduced power or maximum power is set as reference i1∗. This is then tracked 
using a pole placement method to compute uc(k) from (4) [11]. The reference 
current required to produce the reduced power or maximum power is defined in the next 
section. The reference generations of the DG under normal operating conditions 
are also shown in the next section. 
 
B. Control of DSTATCOM 
 
The DSTATCOM is controlled in voltage control mode using (5) though pole 
placement to compute uc(k) [11]. In [11], the converter control strategy using 
output feedback control, the controller is designed in discrete-time using pole 
shifting law in the polynomial domain that radially shifts the open-loop system 
poles towards the origin. It is shown that this type of converter control is very 
useful for custom power applications.  
The control is computed from: 
( ) ( )( ) ( ) ( ){ }zvzvzR zSu cfc −= ∗−
−
11
1
z                             (8) 
Then the closed-loop transfer function of the system is given by: 
( )
( )
( ) ( )( ) ( ) ( ) ( )1111
11
1
−−−−
−−
∗ += zSzMzRzN
zSzM
zv
zvcf                         (9) 
 
The coefficients of the polynomials S and R can be chosen based on pole 
placement strategy [11]. The magnitude of the reference instantaneous voltage vcf∗ 
is kept fixed, while its angle is determined using the block diagram shown in Fig. 
4. First the measured capacitor voltage VC is passed through a moving average 
filter with a window of cycle (20 ms) to obtain VCav. This is then compared with 
the reference capacitor voltage VCref. The error is fed to a PI controller to generate 
the reference angle δSref. The instantaneous reference voltages of the three phases 
are then derived from the pre-specified magnitude and δSref. 
 
Fig. 4. Angle controller for DSTATCOM. 
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C. Switching Control 
 
Once uc(k) is computed from either state feedback or output feedback, the 
switching function u is generated from= 
 
1 then  elseif
1 then  If
−=−<
+=>
uhu
uhu
c
c                            (10) 
where h is a small number. 
 
IV. REFERENCE GENERATION FOR DG SOURCES 
 
As mentioned in the previous section, the VSCs connoted to the DGs are either 
controlled in state feedback or current feedback. The reference generation for 
these two different control modes is discussed in this section. 
 
A. State Feedback 
 
The output voltages of the converters are controlled to share this load proportional 
to the rating of the DGs. As the output impedance of the DG sources is inductive, 
the real and reactive power injection from the source to microgrid can be 
controlled by changing voltage magnitude and its angle [6]. 
The power requirement can be distributed among the DGs, similar to 
conventional droop [4] by dropping the voltage magnitude and angle as 
 
( )
( )ratedrated
ratedrated
QQnEE
PPm
11111
11111
−×−=
−×−= δδ
                      (11) 
 
where E1rated and δ1rated are the rated voltage magnitude and angle respectively of 
DG-1, when it is supplying the load to its rated power levels of P1rated and Q1rated. 
The rated angles are determined from the maximum and minimum value of power 
supplied by the DGs and their load sharing ratio. The coefficients m1 and n1 
respectively indicate the voltage angle drop vis-à-vis the real power output and 
the magnitude drop vis-à-vis the reactive power output. These values are chosen 
to meet the voltage regulation requirement in the microgrid. It is assumed that all 
the DGs are all converter based and so the output voltage angle can be changed 
instantaneously. The angle droop will be able to share the load without any drop 
in system frequency. 
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From the droop equations given in (11), we can write the angle equation 
for DG-1 and 2 as, 
 
( )
( )ratedrated
ratedrated
PPm
PPm
22222
11111
−×−=
−×−=
δδ
δδ
                      (12) 
where P2rated is the real power rating of DG-2. The angle difference then can be 
written as 
 
( ) ( )
( )rated
ratedratedrated
PPm
PPm
222
1112121
−×+
−×−−=− δδδδ
                (13) 
 
As the power supply from the DGs to the microgrid is controlled by the source 
angle, Pi  ∝ δi, I = 1,2. 
The real power exchange between the DGs is kept constant by maintaining 
the angle difference constant. Then if we assume (δ1 − δ2) = (δ1rated − δ2rated), from 
(13) we get, 
 
( ) ( )ratedrated PPmPPm 222111 −×=−×                          (14) 
 
Now if we choose the droop coefficient such that m1P1rated = m2P2rated, from (14), 
we get the real power sharing between the two DGs as, 
 
rated
rated
P
P
m
m
P
PPmPm
2
1
1
2
2
1
2211 ==⇒×=×                     (15) 
 
Similarly, with the voltage magnitude difference are kept constant 
between the DGs and the droop coefficient for reactive power is taken as n1Q1rated 
= n2Q2rated, where Q2rated is the reactive power rating of DG-2. In a similar fashion 
as (12-15), it can be shown that the reactive power sharing between the two DGs 
is 
 
rated
rated
Q
Q
n
n
Q
QQnQn
2
1
1
2
2
1
2211 ==⇒×=×                     (16) 
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Generalizing the observations of (15) and (16), the following power sharing 
relations between all the four two DGs are obtained 
 
ratedratedratedrated
ratedratedratedrated
QnQnQnQn
PmPmPmPm
44332211
44332211
×=×=×=×
×=×=×=×
             (17) 
 
Once the reference phasor voltage E1∠δ1 is obtained from the droop 
equation, the reference phasor current Icf can be obtained (see Fig. 3). Also from 
the measurement of the bus-2 voltage and P1 and Q1, the reference phasor current 
I1 can be calculated. The instantaneous quantities can be obtained from these 
phasor quantities. 
In a rural distribution system of medium or low voltage level, the lines are 
mostly resistive (high R/X ratio) and the values of the line resistance are not 
negligible. In that case, the droop control is not able to ensure a proper sharing of 
load. This is because the conventional droop control assumes that the lines are 
inductive in nature so the real and reactive power can be independently controlled 
with frequency and voltage respectively. But in rural network with high R/X ratio 
network this is not valid due to high real and reactive power coupling. In [12], the 
decoupling of the real and reactive power is achieved for a high R/X line with 
frequency droop control. It is shown that a modifying the droop equation can 
accommodate the effect of line impedance.  
The main aim of this paper is to enhance system stability with 
DSTATCOM and that is independent of DG control technique. 
 
B. Current Feedback 
 
As discussed in the previous section when the power output of the DG suddenly 
reduces or the load demands more than the rated output power from the DG, it is 
switched to a sinusoidal current limiting mode. In this mode, the droop is 
bypassed and the current is limited by the maximum rating of real and reactive 
power. Let the maximum available power rating of the ith DG be denoted by Pimax 
and Qimax. Let the output voltage of ith DG is denoted by Vi∠δi and reference 
phasor injected current passing through the inductor L1 be denoted by I2iref∠βref. 
Then the maximum complex power that can be supplied by the DG is 
 
( )
( )refiirefi
refirefiiii
IV
IVjQP
βδ
βδ
−∠=
∠∠=+ ∗
2
2maxmax                    (18) 
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where ∗ denotes the conjugate operation. From the above equation, the magnitude 
and the angle of the reference current can be calculated as 
 
( )maxmax1
2
max
2
max2
tan iiiref
iiiiref
PQ
VQPI
−−=
+=
δβ                       (19) 
 
The instantaneous quantities are then generated from these phasor quantities.  
It is to be noted that the proposed method of enhancing stability is 
independent of DG control technique. In this paper it is assumed all the sources 
are converter interfaced and so the power sharing is achieved with output voltage 
angle control.  
 
V. SIMULATION STUDIES 
 
Simulation studies are carried out in PSCAD/EMTDC (version 4.2). Different 
configurations of load and its sharing are considered. The DGs are considered as 
inertia-less dc sources supplied through the VSCs. The system data are given in 
Table-II. Simulation results are shown in Table-III. The droop coefficients are 
chosen such that both active and reactive powers of the load are divided in 
1:2:1.5:1.5 ratios among DG-1 to DG-4.  
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TABLE-II: DG, VSC AND CONTROLLER PARAMETERS 
System Quantities Values 
DGs and VSCs 
DC voltages (Vdc1 to 
Vdc4) 
Transformer rating 
VSC losses (Rf) 
Filter capacitance (Cf) 
Hysteresis constant 
(h) 
 
3.5 kV 
3 kV/11 kV, 0.5 MVA, 2.5% Lf 
1.5 Ω 
50 μF 
10-5 
Angle Controller 
Proportional gain (Kp) 
Integral gain (KI) 
 
− 0.2 
− 5.0 
Droop Coefficients 
Power−angle  
m1 
m2 
m3 
m4 
Voltage−Q 
n1 
n2 
n3 
n4 
 
 
0.1 rad/MW 
0.05 rad/MW 
0.075 rad/MW 
0.075 rad/MW 
 
0.04 kV/MVAr 
0.02 Kv/MVAr 
0.03 Kv/MVAr 
0.03 Kv/MVAr 
 
 
 
A. Case-1: Load Sharing of the DGs  
 
For the first four cases, the DSTATCOM is not connected to the system. It is 
further assumed that all the four DGs are able to supply their maximum rated 
power. As evident from Table-I that the total load demand is less than the total 
maximum generation. Therefore the DGs will share the load power and the line 
losses as per the droop coefficients. The results of the real power sharing is shown 
in Fig. 5 where load 5 (Ld5) is disconnected at 0.5 s. It can be seen that the power 
is shared as per the DG ratings. Even though DG-3 and DG-4 ratings are same, 
there is a slight difference between the power supplied by these DGs due to the 
line losses and load locations. 
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Fig. 5. Real and reactive power sharing for Case-1. 
 
 
B Case-2: DG output Power Limit 
 
With the DGs operating in steady state sharing the power as in Case-1, the output 
power from DG-1 suddenly drops to 20 kW at 0.1 s. It can be seen from Table-I 
that the total load requirement is still less that the total generation even with the 
reduction of DG-1 power. It is therefore expected that DG-1 will supply 20 kW, 
while the other three DGs will share the reaming power demand proportional to 
their rating. This is evident from Fig. 6 (a). Fig. 6 (b) shows the three phase output 
currents of DG-1, which is operating in current control mode from 0.1 s. It can be 
seen that despite the switch from state feedback to output feedback control mode, 
the current settles to the steady state value within half a cycle. 
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Fig. 6. Real and reactive power sharing for Case-2. 
 
C. Case-3: DG Power Limit and System Instability 
 
Let us investigate what happens when the power generation is less than the power 
demand. For this we start the system from Case-2, i.e., the output power of DG-1 
reduces to 20 kW at 0.1 s. Subsequently at 0.3 s, the power output of DG-3 
reduces to 20 kW. The result is shown in Fig. 7. It can be seen that due to the lack 
of inertia, the whole system collapses as soon as the power output of DG-3 gets 
limited. In fact the collapse occurs so rapidly that even a quick load shedding 
cannot save the system. It is to be noted that when such a collapse occurs, all the 
DGs will be current limited first and disconnected from the system subsequently. 
Therefore the dramatic result of Fig. 7 can only be shown in simulation. 
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Fig. 7. Real and reactive power sharing (Case-3). 
 
 
 
 
D. Case-4: Load Shedding with DG Output Power Limit  
 
One way of avoiding the total system collapse discussed in Case-3 is to 
disconnect the load with the least priority once the power output a DG drastically 
reduces, such as the case when the DG-1 maximum power reduces from 100 kW 
to 20 kW at 0.1 s. To investigate this, load 2 (Ld2) is shed from the system at 0.3 
s. Subsequently at 0.5 s, the maximum available power from DG-3 is quenched to 
20 kW. The result is shown in Fig. 8. It can be seen that the power outputs reduce 
as load 2 is shed and this provided enough stability margin such that the system 
remain stable even when the power output of DG-3 reduces. 
15
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Fig. 8. DG output power limit and load shedding (Case-4). 
 
Even though this preemptive load shedding saves the system from a total 
collapse, this type of operation might not have much merit when the generation 
sources are of mixed types. For example, if the generation sources are 
predominantly PV, then a cloud cover over one may imply that another one will 
get covered by cloud within a short time. However a cloud cover may not affect 
microturbines or fuel cells. Thus preemptive load shedding may not always be the 
correct approach to take. We must therefore provide the microgrid with a storage 
capability in the form of the DSTATCOM. 
 
E. Case-5: DG Load Sharing with DSTATCOM connected 
 
For the remainder of the cases, it is assumed that the DSTATCOM is connected to 
the system. Let us first investigate whether the connection has any impact on the 
load sharing using the droop method. With the system operating in steady state 
with full load, load 5 is disconnected at 0.5 s. This is the same study as shown in 
Fig. 5 and the result is shown in Fig. 9. Comparing Fig. 9 with Fig. 5 it can be 
seen that the discrepancy in the load sharing between DG-3 and DG-4 are the load 
disconnection in this case is a little bit more than that shown in Fig. 5. However, 
the load sharing pattern remains the same, indicating that the DSTATCOM has 
not much impact on the active power sharing. 
16
International Journal of Emerging Electric Power Systems, Vol. 10 [2009], Iss. 5, Art. 5
http://www.bepress.com/ijeeps/vol10/iss5/art5
DOI: 10.2202/1553-779X.2227
 
Fig. 9. Real power sharing during load change when the DSTATCOM is connected (Case-5). 
 
F. Case-6: Load Shedding with DSTATCOM 
 
The value of the dc capacitor supplying the DSTATCOM should be so chosen 
such that there will be no appreciable drop in the dc bus voltage even when the 
capacitor has to supply power to the microgrid for about four cycles when the 
power quenching to multiple DGs occurs. After this period, the load shedding 
occurs and the system is expected to achieve a new steady state. Therefore the 
energy that is required to be supplied by the dc capacitor (Cdc) during the 
transition period is 
 
( ) ∫=− 08.0
0
2
1
2
02
1 dtPVVC loaddcdcdc                       (14) 
 
where Vdc0 is the nominal capacitor voltage, Vdc1 is the allowable minimum 
voltage and Pload is the average power supplied to the load during the transient. It 
is assumed that the DSTATCOM has to supply a Pload of 200 kW, while the 
nominal dc voltage is 3.5 kV. If an 85% drop is permissible in the dc voltage 
(such that Vdc1 = 3 kV) then from (14) we get Cdc = 10000 μF. This value of dc 
storage capacitor is chosen for the simulation studies. 
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Fig. 10 shows the system response with DSTATCOM when output power 
of the DGs reduces and creates a power imbalance in the microgrid. At 0.05 s, 
DG-1 output power reduces to 20kW and the other DGs share the extra power 
requirement in a manner similar to that shown in Fig. 7. At 0.35 s, DG-3 power 
output reduces to 50 kW making the power generation less than the load demand. 
It can be seen DSTATCOM can hold the system for about 3 cycles. However 
since no load is shed, the system becomes unstable thereafter. Note that it is 
possible to hold the microgrid voltage for a longer period of time by choosing a 
dc capacitor of bigger size than used here. This however will make the system 
response very sluggish during any transient. 
 
 
Fig. 10. System instability with DSTATCOM (Case-6) 
 
The above result shows that it is imperative to shed at least a load to make 
the system stable during power shortfall. To validate this, we shed load-2 (Ld2) is 
shed when DG-3 output reduces to 50 kW. As evident from Table-I that even with 
the reduced generation, the microgrid will be able to supply the other four loads. 
Fig. 11 shows the system response when load-2 is shed at 0.39s, assuming 2 
cycles for the circuit breaker to operate. It can be seen system reaches steady state 
within 8-9 cycles and DG-2 and DG-4 supply the rest of the power requirement 
proportional to their rating. 
18
International Journal of Emerging Electric Power Systems, Vol. 10 [2009], Iss. 5, Art. 5
http://www.bepress.com/ijeeps/vol10/iss5/art5
DOI: 10.2202/1553-779X.2227
 
Fig. 11. Load Shedding with DSTATCOM (Case-6). 
 
 
TABLE-III: SIMULATION RESULTS 
Case Initial Power (MW) Final Power (MW) 
 DG-1 DG-2 DG-3 DG-4 DG-1 DG-2 DG-3 DG-4
Case -1 (Fig. 5) 0.08 0.152 0.107 0.104 0.069 0.137 0.075 0.082 
Case -2 (Fig. 6(a)) 0.069 0.137 0.075 0.082 0.02 0.154 0.082 0.098 
 Initial Power (MW) Output after 0.1 s (MW) 
Case -4 (Fig. 8) 0.089 0.167 0.14 0.124 0.02 0.196 0.142 0.151 
Output after 0.3 s (MW) Output after 0.5 s (MW) 
0.02 0.147 0.117 0.123 0.02 0.192 0.02 0.172 
Case -5 (Fig. 9) Initial Power (MW) Final Power (MW) 
0.093 0.178 0.127 0.123 0.083 0.09 0.104 0.161 
 
 
VI. CONCLUSIONS 
 
In this paper, a load sharing technique in an autonomous microgrid with multiple 
DGs is described. The droop control of voltage angles ensures proper load sharing 
without any drop in the system frequency. A DSTATCOM is used to enhance the 
stability of the system. During power imbalance in the microgrid, the 
DSTATCOM holds the microgrid voltage for few cycles and allows the 
protection system to shed load and stabilize the system. A large number of case 
studies are provided to validate the efficacy of the droop control, as well as the 
operation of the DSTATCOM. 
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As mentioned in the previous section, that the size of the dc capacitor 
determines the time for which the DSTATCOM is able to hold the microgrid 
voltage during power shortfall. The choice of this capacitor is a trade-off between 
the ride through time and system response. This has to be pre-determined 
depending on the detection and breaker opening time. Alternatively, it is also 
possible to supply the dc bus of the DSTATCOM by a battery bank. In that case, 
it must be ensured that the battery bank does not supply any real power during the 
normal operating conditions. Furthermore it must be ensured that the DSATCOM, 
under these conditions, just draws sufficient power in order to supply its losses 
and keep the battery bank charged. 
Finally, a rapid detection of the load shedding requirement is very crucial 
for the success of this scheme. As can be seen by from Fig. 10 that if the load is 
not shed within 2-3 cycles, the system voltages will collapse even when the 
DSTATCOM tries to hold the microgrid voltage. A performance index has to be 
chosen that is based on local voltage magnitude and angle. Once this index is 
beyond a threshold, the load shedding has to be initiated. This has not been 
attempted in this paper. 
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